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Low  Oxidation  State  Gallium  Compounds. 

Synthesis  and  Characterization  of  fGafCHjCMeg^jn 

by 

O.  T.  Beachley,  Jr.*,  Jc^  C.  Pazik  and 
Matthew  J.  Noble 

Abstract 

The  new  oi;ganogallium(I)  compound  [Ga(CH2^^^)]n  bas  been  prepared  by  the 
reduction  of  Ga(CH2CMe3)20  by  using  either  sodium  or  lithium  with  naphthalene  in  THF. 
When  the  reagents  were  ccnnbined  at  >78  *C,  a  yellow  intennediate,  a  neopent^gallium(in) 
derivative  of  dOiyditmaphthalene  CiQHg[Ga(CH2C^e3)2]2  *  2  MQ  (M  »  Li,  Na)  was 
formed.  Warming  of  the  s(duti<Hi  to  0*25  *C  resulted  in  deconposition  of  the  yellow 
intennediate  and  formatim  of  a  reddish  brown  sduticm  of  [Ga(CH2CMe3)]Q, 
Ga(CH2CMe3)3,  C^gHg,  and  either  NaO  or  LiQ.  The  gallium(I)  product  was  a  vitreous 
sdid  and  was  characterized  cmnplete  elemental  anafyses,  hydrofyses  with  HGI/H2O  and 
with  DO/D2O,  ooddation  with  HgQ2  and  with  I2,  ciyoscopic  mdecular  weight  studies  in 
benzene  scrfution  and  IR  and  NMR  q)ectroscopic  studies.  All  data  suf^xwt  the  condusion 
that  [Ga(CH2CMe3)]g  exists  as  a  mixture  of  qsecies  which  are  gallium  cages.  The  numbers 
oi  gallium  atoms  in  these  cages  mi^t  range  from  6  to  12  atoms. 
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IntrodtffftiCT 

The  ^thesis  and  characterization  of  oiganogallium  compounds  with  gallium  having 
an  apparent  ooddation  state  other  than  +$  provide  interesting  challenges.  Previous 
preparative  reactions  have  invdved  either  metathesis  reactions  with  without  concomitant 
di^rqx>rti<mation  reactions  or  reductitm  reactitms  ot  appropriate  gallium(in)  derivatives. 
When  metathesis  reactions  have  been  used,  both  the  nature  of  the  halogallium  reactant  and 
of  the  organic  group  appear  to  be  of  significance.  The  reacticm  of  Oa2Br4  •  2  dioxane  with 
a  stoichionetric  quantity  of  Li[CH(SiMe3)2]  provided  Ga2[CH(SiMe3)2]4  as  a  yellow 
gallium(n)  compound*  with  a  gallium-gallium  bond.  When  the  gallium  reactant  was 
changed  to  Ga[GaBr4],  and  was  allowed  to  react  with  the  same  lithium  alkyl  UCH(SiMe3)2, 
a  gallium(III)  product,  Ga[CH(SiMe3)2]3,  and  gallium  metal  were  formed.*  When  the 
organic  group  was  changed  to  C(SiMe3)3  but  the  gallium  reactant  was  Ga2Br4  •  2  dioocane, 
[GaC(SiMe3)3]4,  a  dark  red  gallium(I)  ccmipound,^  was  formed  along  with  many  other 
uncharacterized  products.  The  structural  sturfy  of  this  gallium(I)  product  revealed  an  almost 
undistorted  tetrahedral  684  skeletcm.  Cryoscopic  mdecular  weight  studies  in  benzene 
suggested  that  the  tetrahedral  Ga4  q>ecies  was  unstable  in  benzene  sduticm.  Trimers  were 
observed  for  a  0.023  M  soluticxi  and  moncaners  were  found  at  0.0014  M .  When  Ga2Br4  •  2 
diozane  was  allowed  to  react  with  reagents  ^idi  had  a  less  sterically  denumding  organic 
group^  such  as  ]JCH2SiMe3,  UGa(CH2SiMe3)4  •  1.5  dioxane  and  gallium  metal  were 
formed.  Simflar  observaticms^  were  made  vriien  Ga2Br4  •  2  dioxane  was  allowed  to  react 
with  L4CH2CMe3  in  pentane  as  liGa(CH2CMe3)4  •  dioxane  and  gallium  metal  were 
formed.  The  reacticm  of  •  2  dioxane  with  LiC^2(^3)3  ™  ether  leads  to 
the  formation  of  a  gallium(n)  product^  ^^[^6^(^3)3]4  ^  ^  yellow  microcrystalline  sdid. 
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Alternatively,  Oa2[C^2(^3)3]4  prepared  by  reduction  of  the  galliuin(in)  precursor 
Oa[C^2(^3)3]2^  ^  hexane  at  25  *C  The  remaining  gallium(I) 

compound^  to  be  described  in  the  current  literature  is  Ga(C^H5).  This  compound  was 
prepared  by  a  metathesis  reaction  between  a  metastable  sdutim  of  GaO  in  tduene/dieth^ 
ether  and  either  Mg(C3H5)2  or  LiC5H5  at  -78  *C  and  precipitated  by  addition  of  pentane. 
However,  the  isdation  of  Ga(C5H5)  from  its  sdutkxi  by  removal  of  solvent  in  vacuo  has  not 
been  successful.  Eiqperimental  support  for  the  formation  of  Ga(C^H5)  was  provided  by 
NMR  studies  and  I7  mass  spectral  data. 

In  this  paper,  the  ^thesis  and  characterizaticxi  of  a  new  gallium(I)  compound 
[Ga(CH2CMe3)]Q  is  described.  The  best  synthetic  reaction  involves  an  apparent  reducti(xi 
of  Oa(CH2CMe3)2C  by  using  either  sodium  or  lithium  and  naphthalene  in  THF  sduticm. 
The  gallium(I)  product  is  actually  formed  by  deccmiposition  of  a  sduble  yellow 
intermediate,  an  oiganogallium(III)  derivative  of  dOiydronaphthalene, 
CioHg[Ga(CH2CMe3)2]2  *  2MQ  (M  »  Na,  Li).  As  the  new  gallium  product  was  a  vitreous 
sdid,  elemental  smalyses,  ciyoscq^ic  mdecular  wei^t  studies  and  chemical  reacticxis  with 
subsequent  product  identificaticxi  were  used  to  identify  the  ooddation  state  ot  gallium  and  to 
characterize  the  product. 
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Eiwrinwntri 

Oenerai;  Compounds  described  in  this  investigation  were  extremely  soisitive  to 
oxygen  and  moisture  and  were  handled  in  a  standard  vacuum  line  or  under  a  purified  argon 
atmoqrfiere  in  a  Vacuum/Atmospheres  diybox.  The  starting  con^KNinds  Oa(CH2C^^3)2^ 
and  Ga(CH2C^e3)Q2  were  prepared  and  purified  by  literature  methods.^  Solvents  were 
dried  by  conventional  procedures.  Elemental  analyses  were  perfixmed  by  either 
Schwarzkopf  Microanalytical  Laboratory,  Inc.,  Woodside,  NY  or  E  +  R  Microanalytical 
Laboratory,  Inc.,  Coraia,  NY.  Infrared  q)ectra  of  Nujcd  Mulls  between  Csl  plates  were 
recorded  by  means  of  a  Perkin-Elmer  683  qrectrometer.  The  NMR  q)ectra  were 
recorded  at  either  300  or  400  MHz  using  either  a  Varian  Gemini  -  300  or  a  Varian 
VXR-400  if>ectrometer,  reflectively.  Prottm  diemical  shifts  are  reported  in  S  units  (ppm) 


and  are  referenced  to  at  S  7.15  {^m.  All  samples  for  NMR  spectra  were  contained  in 
sealed  NMR  tubes.  Melting  points  were  observed  in  sealed  capillaries  under  purified  argon. 
Mr^ecular  weights  were  measured  cryoscopkally  in  benzene  sdution  by  uring  an  instrument 
simflar  to  that  described  by  Shriver  and  Drezdzon.^  Mass  spectral  analyses  were  performed 
by  Dr.  Timothy  Wachs  at  Cornell  University  on  either  a  Finnigan  3300  Quadrapt^e 
Spectrometer  or  a  AES>MS-902  Double-Focusing  Mass  Spectrometer. 


In  a  typical  efieriment,  a  100  rtiL 


two-neck  reaction  flask  charged  with  sodium  metal  (0.119  g,  5.19  mmcri)  cut  into  small 
pieces  and  n^hthalene  (0.671  g,  5.24  mmd)  was  attached  to  a  side-arm  dumper  charged 
with  Ga(CH2CMe3)2Q  (1.28  g,  5.19  ttuKd).  Tetrahydrofuran  (50  mL)  was  added  by 
vacuum  distillation.  The  flask  was  warmed  to  ambient  teirqrerature  and  the  contents  were 
stirred  for  18  h  to  fmm  the  dark  green  sodium  naphthalenide  sdution.  A  small  amount  of 
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THF  (10>20  mL)  was  then  transferred  by  vacuum  distillation  into  the  side-arm  dumper  to 
dissolve  the  Ga(CH2CMe3)2Q.  The  reaction  flask  and  side-arm  dumper  were 
simultaneously  coded  to  -78  **C  and  then  the  Ga(CH2CMe3)2CI/rHF  sdutkxi  was  slo«^ 
added  to  the  sodium  naphthalenide  sdutitxi  over  30  min.  The  solution  was  stirred  for  18  h 
at  -78  "C  The  sdution  changed  from  brown/green  to  bri^t  yellow.  Only  a  trace  amount 
of  cdorless  precipitate  was  observed  in  the  flask.  As  the  initial  yellow  solution  was  warmed, 
more  cdoriess  precipitate  formed  and  the  cdor  changed  from  bright  yellow  to  dark 
reddish-brown  at  0  to  10  **C.  The  solution  was  stirred  finally  for  12  h  at  rocrni  temperature 
and  then  the  THF  was  removed  by  rapid  vacuum  distillation.  The  remaining  less  volatfle 
materials  were  subjected  to  (fynamic  vacuum  for  24  h  and  1.74  g  of  vdatfle  materials  were 
isdated  in  a  small  weired  trap.  The  sample  was  dfluted  with  CH2Q2  and  then  the 
components  were  identified  by  NMR  spectroscopy  as  Ga(CH2CMe3)3  (0J569  g,  2.01 
mmol,  77.5%  yield  based  on  Ga(CH2CMe3)20  and  eq.  1),  C^o^g  (0385  g,  4.56  mmol, 
87.1%  recovered  based  cm  the  initial  amount  of  and  THF.  The  nmvdatUe  material 

was  separated  into  sduble  and  insoluble  ccmipcxients  by  3  extracticm-flltrations  with  50  mL 
of  pentane  through  a  flne  glass  frit.  The  insoluble,  li^t  brown  product,  impure  NaQ  (0334 
g,  5.71  mmol,  110%  yield  based  on  Na),  had  positive  analyses  for  sodium  and  chloride  icms. 
The  ncmvcdatfle,  s(4uble  product  was  isdated  as  a  reddish/brown,  vitreous  scdid  and 
identifled  as  neopentylgallium(I),  [Ga(CH2CMe3)]g  (0380  g,  1.99  nrnud,  76.8%  based  on 
Ga(CH2CMe3)2Cl  and  eq.  1).  When  Ga(CH2^^^)2^  Na/C^gHg  were  ccanbined  as 
THF  s(^uti(xis  at  roan  temperature,  [Ga(CH2CMe3)]g  (93%  yield),  Oa(CH2CMe3)3,  NaQ 
and  CjoHg  were  formed  after  puriflcation  as  described  above. 
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[GarCHjCMeg^l,.  mp  60-80  "C  (dec.) 'H  NMR  «);  1.94  (sX  1.77  (s),  137 

(sX  132  (sX  130  (sX  138  (sX  1.20  (sX  1.09  (sX  1.00  (s)  (all  lines  appear  to  be  part  oi  a 
conq>lex  ^lectrumX  See  Results  and  Discussitm  for  eaq>lanation  of  the  NMR  spectrum. 
IR  (Nujol,  cm*^):  1358  (vsX  1265  (mX  1234  (vsX  1123  (s).  1095  (mX  1042  (wX  1012  (mX 
998  (mX  909  (wX  850  (wX  815  (wX  779  (mX  772  (wX  745  (sh,  mX  732  (mX  719  (sh.  m),  706 
(mX  624  (mX  610  (m).  595  (mX  591  (sh.  mX  520  (mX  475  (mX  450  (m),  382  (wX  228  (m). 
Anal.  Calcd  for  GaCsHij:  C,  42.63;  H,  7.87;  Ga.  4930.  Found:  C,  4232;  H,  7.72;  Ga, 
49.97.  Solubflity:  sduble  in  THF,  pentane,  and  benzene.  Ciyosci^ic  mdecular  wci^t, 
formula  wei^t  140.9  (obsd  mdality,  obsd  md  wt.  associati(Xi):  0.0600, 1256,  8.92;  0.0501, 
1299,  932;  0.0282, 1357,  9.63;  0.0308, 1459, 103;  0.0260, 1475, 103;  0.0384, 1482, 103; 
0.0314, 1519, 10.8. 

Reactions  of  GarCH^CMe^VjQ  with  Uthium  and  The  reagents  Li/CjoHg  and 

2Li/CjQHg  were  formed  in  THF  solution  and  then  reacted  with  Ga(CH2CMe3)20  at  -78  **C, 
as  previously  described.  The  solutions  changed  to  bri^t  yellow  approximately  2-3  min  after 
complete  addition  of  Ga(CH2CMe3)20.  After  the  sc^utiems  were  warmed  hxxn  -78  to 
room  temperature,  the  cdor  changed  to  dark  reddish-brown  after  2-3  h  at  ro(»n 
temperature  but  no  precipitate  was  observed.  Both  lithium  reagents  provided  the  analogous 
products  ([Ga(CH2CMe3)]Q,  Ga(CH2CMe3)3,  CjoHg  and  UC)  as  observed  for  the 
Na/CjoHg  reacticxi.  The  characterization  data  for  both  gallium  ccxitaining  products  were 
identical  to  those  described  previously. 

Reaction  of  GafCH^CMegiaj  with  2(Na/CtpHgV  A  total  of  seven  reduction 
reactiems  of  Ga(CH2CMe3)Q2  with  Na/[CjoHg]  in  a  1  to  2  md  ratio  in  THF  sduticxi  were 
investigated.  The  procedures,  quantities  of  reagents,  and  experimental  observations  were 
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simflar  to  those  previously  described.  However,  differences  in  detail  were  noted.  When 
Oa(CH2C!Me3)Q2  was  added  to  the  reducing  agent  at  -78  *C,  only  a  dark  reddish-brown 
solution  was  observed  initially  and  after  ccxnplete  addition.  In  contrast,  ^en  the  reducing 
agent  was  added  to  Ga(CH2CMe3)Cl2  ^  (reverse  mode  of  addition),  a  bri^t 
yellow/cnrange  scdution  was  initially  observed.  As  more  reducing  agent  was  added,  the 
soluti(xi  todc  a  Icxiger  time  to  change  to  bri^t  yellow/orange.  After  addition  of 
approximately  half  of  the  reducing  agent,  the  solution  did  not  diange  to  the  bri^t 
yellow/orange  but  remained  a  daik  reddish-brown.  In  both  modes  of  addition,  no 
precipitate  was  apparent  at  -78  “C  When  the  sduticm  was  slowly  warmed,  a  precipitate 
formed  when  the  temperature  reached  -30  "C  to  -20  °C.  The  THF  and  vcdatile  materials 
were  isolated  in  a  small  weired  trap,  as  previously  described.  The  ntmvdatOe  materials 
were  separated  into  insduble  and  soluble  compcxients  by  pentane  octracticms.  The 
nonvcdatOe,  inscriuble  material  (impure  NaCI)  was  istdated  as  a  li^t  brown  solid.  The 
nonvolatile,  soluble  product  were  isolated  as  a  reddish-brown  vitreous  sdid.  The  percent 
yields  of  products  were  [Ga(CH2CMe3)]n,  76-99%,  NaQ,  98-109%,  76-94%  and 

Ga(CH2CMe3)3,  5-23%.  The  total  recovered  gallium  from  both  products  ranged  fhxn  90  to 
100%.  (See  Results  and  Discussion).  The  decompositicm  temperature  (melting  point)  of 
[Ga(CH2CMe3)]n  was  simflar  to  that  described  previously.  However,  the  analytical  data  for 
C  and  H  were  variable  with  CHily  occasitxial  samples  consistent  (within  0.4%)  with  calculated 
values.  Simflariy,  hydrcflyses  of  the  reddish-brown  solids  with  aqueous  HQ  provided 
variable  amounts  of  H2  (44  - 101%)  and  of  neopentane  (37-90%).  These  results  suggest 
that  the  reddish-brown  products  were  more  impure  than  the  product  prepared  by  the 
reduction  of  Ga(CH2CMe3)2Q. 
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Reaction  of  GafGHjCMejM^j  with  2(Li^r^B.  In  a  typical  experiment  the  dark 
green  lithium  naphthalenide  solution  (0.0566  g,  8.15  mmd  Li;  1.05  g,  8.16  mmdl  C^oHg)  in 
50  mL  of  THF  was  allowed  to  react  with  Ga(CH2CMe3)Cl2  (0.859  g,  4.06  mmd)  at  -78 
as  previously  described.  A  daik  reddish-brown  solution  was  observed  after  complete 
additicxi  at  -78  °C,  remained  dark  reddish-brown  after  sloa^  warming  to  ambient 
temperature.  No  precipitate  was  observed.  The  solution  was  stirred  an  additional  18  h,  and 
then  the  THF  and  volatQe  materials  were  removed  by  vacuum  distfllaticxi.  The  remaining 
materials  were  subjected  to  dynamic  vacuum  for  24  h.  The  volatUe  materials  (1.56  g)  were 
collected  in  a  small  weighed  trap  and  the  comptments  identified  by  NMR  q>ectroscq:>y 
as  Ga(CH2(^C3)3  (0.0690  g,  0.244  mmol,  6.0%  yield  based  on  Ga(CH2CMe3)Q2),  C^oHg 
(0.920  g,  7.18  mmol,  88.0%  recovered  based  on  the  initial  amount  of  CjoHg),  and  THF. 

The  nonvdatile  material  was  separated  into  sduble  and  insoluble  components  by  pentane 
extractions.  The  insoluble  light  brown  product,  UO  (0.306  g,  7.22  mmol,  88.9%  yield  based 
on  Ga(CH2CMe3)Q2),  had  positive  analyses  for  lithium  and  chloride  ions.  The  nonvcdatile, 
soluble  product  was  isdated  as  a  reddish-brown,  vitreous  scdid  and  identified  as 
[Ga(CH2CMe3)]Q  (0.491  g,  3.49  mmol,  86.0%  based  on  Ga(CH2^^^)^2)’ 
amount  of  gallium  recovered  was  3.73  mmol,  91.9%  based  on  Ga(CH2CMe3)Q2. 

(GafCH^CMej^jp.  mp  60.0-80.0  ’C  (dec).  ‘H  NMR  (CgDg, «):  1.78  (s),  1.74  (s),  1.62 
(s),  1J5  (s),  1.42  (s),  1.40  (s),  136  (s),  135  (s),  134  (s),  1.33  (s),  131  (s),  1.27  (s),  1.25  (s), 
132  (s),  1.18  (s),  1.17  (s),  1.15  (s),  1.12  (s),  1.09  (s),  1.07  (s),  1.03  (s)  (all  lines  appear  to  be 
part  of  a  ccmiplex  spectrum).  Anal.  Calcd:  C,  42.63;  H,  7.87.  Found:  C,  42.44;  H,  730. 
Hydrolysis:  0.143  g,  1.02  mmol  produced  0.892  mmd  (88.1%)  H2.  Ciyosct^ic  molecular 
wei^t,  benzene  solution,  formula  weight  140.9  (obsd.  molality,  obsd.  md.  wt.,  associaticxi): 
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0.0384. 1482, 10.5;  0.0314. 1519.  10.8;  0.0219. 1564. 11.1.  SdubOity:  soluble  in  THF. 
pentane,  and  benzene. 


Reaction  of  GafCHjCMejV^a  with  Na/qpHg  at  -78  *C  Followed  Bv  the  Addition  of 
Anhydrous  HQ.  Identification  of  Nonvolatile  Products.  The  reagents.  Ga(CH2CMe3)2a 


(1.1  mmd).  Na  (1.1  mmd)  and  CjoHg  (1.1  mmol)  were  allowed  to  react  at  -78  in  50  mL 
of  THF  to  form  the  bri^t  yellow  solution,  as  previously  described.  Then.  1.18  mmd  of 
anhydrous  HQ  was  added.  The  scdution  became  ccdorless.  No  noncondensable  gas  was 
formed  as  indicated  by  pressure  measurements  at  -196  “C.  The  volatile  ccnnponents  were 
removed  by  vacuum  distillation  and  the  resulting  viscous  liquid  was  subjected  to  dynamic 
vacuum  for  18  h.  The  resulting  sdid  was  then  dissolved  in  25  mL  of  pentane  and  the 
insoluble  portion  was  repeatedly  wa^ed.  The  pentane  insoluble  product.  NaQ  (0.058  g. 
0.99  mmol)  was  isolated  in  92%  yield  based  chi  Qa(CH2^^^)2^’  ^  slightly  impure 
sample  of  Ga(CH2CMe3)20  (0.220  g.  0.889  mmcd)  was  isolated  in  82.3%  yield  based  on  the 
initial  amount  of  Ga(CH2CMe3)2Q. 

GafCHjCMej^g  as  Reaction  Product,  mp.  59.5-63.5  “C  (lit*^  70.0-71J  “C).  ^H 
NMR  (CgHg,  S):  1.33  (s.  2H.  -CH2-)  and  1.13  (s,  lOH.  -CMcj)  (lit®  1.31  (-CH2-).  1.10 


(-CMC3)). 


Reaction 


at  -78  ”C  Fdlowed  Bv  Additicm  of 


Anhydrous  HQ.  Identification  of  Volatile  Components.  The  reagents.  Ga(CH2CMe3)2Q 
(1.0  mmd).  Na  (1.0  mmol)  and  CjoHg  (1.1  mmol),  were  allowed  to  react  at  -78  in  50  mL 
of  THF  to  form  the  bri^t  yellow  solution.  Then  anhydrous  HQ  (1.04  mmol)  was  vacuum 
distflled  (Mito  the  resulting  yellow  solution.  A  cdoriess  sduticm  fonned  after  the  reactitxi 
mixture  was  warmed  to  room  temperature.  The  volatile  ccrnipcments  were  removed  by 
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vacuum  distillation  at  0  **€  to  yield  a  cdoriess,  sticky  solid.  The  flask  was  then  fitted  with 
an  85  **  bent  elbow  connected  to  a  100  mL  side*arm  flask.  The  flask  containing  the  sticky 
solid  was  heated  to  approximately  50  *C  and  the  naphthalene  and  hydrcmaphthalene 
derivatives  were  vacuum  sublimed  into  the  100  mL  side-arm  flask  iH^ich  was  co(^ed  to  -196 
"C.  The  flask  containing  the  nonvolatile  components  was  fitted  with  a  medium  frit 
ccmnected  to  a  100  mL  side  arm  flask.  Pentane  (25  mL)  was  vacuum  distilled  into  the  fla^ 
containing  the  sticky  solid  and  the  nonvolatile,  pentane  soluble  and  insoluble  products  were 
isolated.  The  insoluble  product  was  identified  as  NaQ  (0.043  g,  0.74  mmol,  71%  yield 
based  on  Na)  and  the  pentane  soluble  product  was  identified  as  Ga(CH2CMe3)2Cl^  (0.130 
g,  0.525  mmol,  50.2%  yield  based  on  the  initial  amount  of  gallium  present).  The  volatUe 
components  isolated  by  sublimation  at  50  “C  consisted  of  naphthalene,  dihydronaphthalene 
and  trace  quantities  of  THF,  as  identified  by  NMR  spectroscopy.  NMR  (CDQ3,  S): 
7.79  and  7.41  (m,  76H,  CjoHg),  7.01  (m,  17H,  aromatic  CiqHjo),  6.39  (m,  3H,  CjoHjo),  5.95 
(m,  5H,  Cjo^io).  4.06  (m,  1.5H,  THF),  3.35  (s,  minor  impurity),  2.76  (m,  CjqHjo),  2.26  (m, 
5H,  CjqHjq),  1.96  (m,  1.5H,  THF)  and  1.08  (s,  minor  impurity). 

Reaction  of  Ga(CH2CMe3l  with  HCl/H^O  and  with  DCl/DjO.  A  sealed  tube  was 
charged  with  0.137  g  of  Ga(CH2CMe3)  (0.973  mmol)  prepared  fixMn  Ga(CH2^^C3)2^ 
Na/CjoHg,  as  previously  described.  The  tube  was  evacuated  and  approximately  10  mL  of 
dUute  aqueous  HQ  was  added  to  the  Ga(CH2CMe3)  through  the  neck  of  the  tube.  Gas 
evolution  was  observed.  The  tube  was  placed  in  a  100  ofl  bath  for  3  d  after  which  time 
the  nonccHidensable  gas  was  measured.  Hydrogen  gas  (0.828  mmdl,  85.1%  yield  based  on 
the  oxidation  of  Ga'*’^  to  Ga'*’^)  was  ccdlected  by  using  a  Toepler  pump  -  gas  buret 
assembly.  The  volatile,  condensable  gas  was  fractionated  through  two  -78  ‘'C  traps  and 
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0.0565  g  of  neopentane  (0.783  nund,  80  yield  based  on  Ga(CH2CMe3))  was  isolated. 
Ratio  of  H2/CMe4:  1.06. 

In  a  simflar  eiq)eriment,  a  0.0759  g  sample  of  Ga(CH2CMe3)  (0  J39  nimcd)  prepared 
from  Ga(CH2^^^)2^  was  reacted  with  a  dilute  D2O  sduticm  of  DO  (**95 

atcxn  %  D).  After  stirring  for  8  d  at  110  0.415  mmol  of  D2  (77.0%  yield)  was  cdlected. 

In  additicxi.  0.444  mmd  of  Me3CXTT2D  was  isolated  as  previously  described.  Ratio  of 
D2/Me3CX:H2D:  1.07.  Mass  ^)ectra  of  the  nmcondensable  and  condensable  gas  were 
recorded.  Noncondensable  gas,  m/e,  relative  intensity,  assignment:  4, 100.0,  D2;  3,  8.8, 
HD;  2,  Trace,  H2.  The  sample  is  composed  of  91.9%  D2  and  8.1%  HD.  Qmdensable  gas, 
m/e,  relative  intensity,  assignment:  58, 100,  CMe2CH2D''';  57,  41.5,  CMe3''';  43,  32, 
CMeCH2D''';  42,  42.6,  CMe2**'.  The  sample  corresponds  to  93.5%  CMe3CH2D  and  6.5% 
CMe^. 

Reaction  of  GafCH2CMe3l  with  Hgg2.  In  a  typical  experiment,  a  100  mL  Sdv>Seal 
flask  was  charged  with  0.435  g  (3.09  mmd)  of  Ga(CH2CMe3)  prepared  from 
Ga(CH2CMe3)20  and  Na/CjgHg  and  0.820  g  (3.(^  mmol)  of  HgG2-  flask  was 
evacuated  and  50  mL  of  THF  were  vacuum  distilled  into  the  reaction  fladt.  The  reacticxi 
mixture  was  subjected  to  ultrasound  for  2  J  h  and  the  formatkxi  of  a  gray  precipitate  was 
noted.  The  scrfuticxi  was  then  stirred  at  ambient  temperature  for  5  d  fdlowed  by  an 
additicxial  two  days  of  stirring  in  a  80-90  **€  oil  bath.  Beads  of  mercuiy  metal  were 
observed  in  the  flask  and  the  cdor  of  the  soluticm  changed  fnxn  brown  to  nearly  ccdorless. 
The  THF  was  removed  by  vacuum  distillation  and  a  viscous,  colorless  liquid  remained.  A 
^H  NMR  plectrum  of  a  benzene  sc^ution  of  the  viscous  liquid  confirmed  its  identity  as 
[Ga(CH2CMe3)a2]  •  THF®  (0.788  g.  2.78  mmol,  91.9%  yield  based  on  Hga2).  NMR 


12 

(CgH^  «):  3;49  (m,  4H,  THF),  1.13  (s,  9H,  -CH3X  1.01  (s,  2H,  -CHj-).  0.99  (m.  4H,  THF) 
and  0.60  (s,  trace  impurity).  Metallic  meicuiy  (0.0501,  2.50  mmol)  was  identified  by  its 
physical  appearance  and  was  isdated  in  82.6%  yield  based  on  HgG2. 

Reaction  of  GaCH2CMe3  with  Ij.  A  fieshly  prepared  sam|:de  of  Ga(CH2CMe3) 
(0.222  g,  1.58  mmd)  (prepared  from  Ga(CH2CMe3)2Q  and  NaAI^oHg)  was  placed  in  a  100 
mL  Solv-Seal  flask  equipped  with  a  low  hdd-up  ride-arm  charged  with  20  mL  of  a  THF 
soluticHi  of  I2  (0.399  g,  1.57  mmol).  The  apparatus  was  evacuated  and  an  addititmal  20  mL 
of  THF  was  vacuum  distilled  into  the  flaric  containing  the  Ga(CH2CMe3).  The  reagents 
were  combined;  the  I2  color  was  discharged  immediately  and  then  the  reactitm  mixture  was 
stirred  for  2  d  at  room  temperature.  The  flask  was  then  placed  in  a  60  ‘‘C  oil  bath  for  an 
additional  10  d.  The  resulting  stdution  was  slightly  yellow.  The  THF  was  removed  by 
vacuum  distillation,  and  a  gray  viscous  liquid  remained.  Pentane  (30  mL)  was  vacuum 
distilled  onto  the  gray  material  and  the  resulting  sdiutitxi  was  filtered  throu^  a  fine  ^ass 
frit.  After  removing  the  pentane,  a  cdoriess,  sticky  sdid  was  obtained.  The  ^H  NMR 
q>ectrum  of  the  product  was  identical  to  that  of  an  authentic  sample  of  Ga(CH2CMe3)l2  • 
THF.  The  product,  Ga(CH2CMe3)l2  •  THF  (0.506  g,  1.27  nmu^)  was  isdated  in  80.9% 
yield  based  on  I2.  ^H  NMR  (C^Hg,  S):  3.47  (m,  53  H,  THF),  135  (s,  2.0  H,  -CH2-),  1.16 
(s,  11.6  H,  -CH3)  and  0.99  (m,  6.0  H,  THF).  ^H  NMR  (Ga(CH2CMe3)l2  •  THF  prepared 
from  Ga(CH2CMe3)l2®  and  THF,  CgHg);  3.48  (m,  43  H,  THF),  136  (s,  2.0  H,  -CH2-).  1.18 
(s,  9.6  H,  -CH3),  1.04  (m,  4.8  H,  THF). 
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Results  and  Diacussion 

The  reaction  between  Ga(CH2CMe3)2Q  and  sodium  or  lithium  nai^thalenide  in 
THF  lead  to  the  fmmation  of  neopentylgaUium(IX  trineopentylgallium(ni),  sodium 
(lithium)  chloride  and  naphthalene  in  nearly  quantitative  yields  according  to  the  following 
balanced  equation.  Gallium  metal,  an  obvious  reduction  product,  was  not  observed  during 

2  Ga(CH2CMe3)2a  +  2  Na  +  2  qo^s  Ga(CH2CMe3)  +  Ga(CH2CMe3)3 

+  2  NaQ  +  2  qoHg  (1) 

any  stage  of  the  synthetic  process.  The  gallium(I)  product  [Ga(CH2CMe3)]g  was  isdated  as 
a  pentane  soluble,  dailc  reddish-brown,  vitreous  solid  (^ass).  All  attempts  to  form  crystals 
of  Ga(CH2CMe3)  by  reciystallizaticm  techniques  fafled.  The  gallium(in)  product  was 
isdated  as  a  sli^tly  volatile,  coloriess  liquid  at  room  temperature  as  is  characteristic  of 
Ga(CH2^^^)3’^  sodium  chloride  was  separated  as  a  light  brown,  pentane  insdluble 
solid  and  identified  by  X-ray  powder  diffraction  data.  The  li^t  brown  ct^or  suggests  that 
the  material  was  impure  NaQ.  The  most  likely  li^t  brown  impurity  would  be  a  form  of 
neopentylgallium(I). 

The  new  low  ooddation  state  gallium  omipound  [Ga(CH2CMe3)]g  has  been 
characterized  complete  elemental  analyses,  faydrc^is  by  DOyD20,  ooddatioi  with  HgQ2 
and  with  I2,  ciyoscopic  molecular  weight  studies  in  benzene  sdution  and  NMR  and  IR 
q)ectro6copic  data.  The  analytical  data  for  Q  H  and  Ga  are  in  excellent  agreement  with  the 
simplest  formula,  GaqH|j  (within  03%  by  difference).  The  sum  of  the  eiqjerimentally 
observed  percentages  of  C,  H  and  Ga  is  100.01%.  Reproducible  analytical  data  have  been 
observed  for  multiple  samples. 
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The  reacti<xi  of  Ga(CH2CMe3)  with  aqueous  hydrochloric  acid  provides  support  for 
the  hypothesis  that  the  reddish-brown  solid  is  a  galiium(I)  compound  with  a 
(Mxxided  net^ntyl  group.  Hydrolysis  produced  H2  and  CMe4  in  hi^  yield  (8S.1  and 
80J%,  reflectively).  The  H2Ai^e4  ratip  of  1.06  strcxigly  supports  a  formulation  of  one 

Ga(CH2CMe3)  +  -*  H2  +  CMe4  +  Ga^+  (2) 

neopent^  group  per  gallium  atom  in  the  -i-l  ooddatitm  state.  Confirmation  of  ooddation- 
reducticm  during  hydrolysis  was  achieved  by  reaction  of  Ga(CH2CMe3)  with  DCI/D2O  to 
form  D2  and  mono-deuterated  neopentane  (CMe3CH2D).  The  mass  fiectrum  of  the 
noncondensable  gas  indicated  91.9%  D2  and  8.1%  HD.  Similarly,  the  nec^ntane  was 
93.5%  CMe3CH2D  and  only  6.5%  CMe4.  These  deuterated  hydn^ysis  products  rule  out  the 
possibility  that  the  dark  reddish-brown  product  is  an  organo^Uium(in)  hydride.  An 
organogallium(III)  hydride  with  the  simplest  formula  GaC^Hji  would  have  hydrdyzed  to 
form  HD  and  CMe3CHD2.  Infrared  bands  sugge^ive  of  Ga-H^  at  either  2000  cm*^ 
(terminal)  or  1200-1300  cm'^  (bridging)  are  also  absent. 

Conformation  of  the  reddish-brown  solid  as  neopentylgallium(I)  was  provided  also  by 
the  characterization  of  products  from  ouddaticm-reduction  reacticHis  using  HgCl2  and  I2  as 
ooddizing  agents.  Reaction  of  Ga(CH2CMe3)  with  HgCl2  in  THF  produced 
Ga(CH2CMe3)02  •  THF  and  elemental  mercury  in  hi^  yield  according  to  the  fc^owing 
equation.  The  ^H  NMR  f>ectrum  of  the  organogallium(in)  product  was  identical  to  that 

Ga(CH2CMe3)  +  Hga2  Ga(CH2CMe3)a2  •  THF  +  Hg^^  (3) 

for  an  authentic  sample^  with  the  exception  of  a  low  intensity  res(xiance  at  0.60  ppm.  The 
unidentified  resonance  does  not  correspcmd  to  any  known  ne(^nt^gallium(in)  compound. 
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Oxidation  of  Oa(CH2CMe3)  with  I2  in  THF  produced  Oa(CH2CMe3)l2  •  THF  according  to 
the  foUowing  equati<».  Again,  the  NMR  spectrum  of  the  product  was  identical  with 

Ga(CH2CMc3)  +  I2  Ga(CH2CM«3)l2  *  THF  (4) 

that  for  an  authentic  sample. 

Ciyoscopic  mdecular  wei^t  data  in  benzene  solution  suggest  that 
neopentylgallium(I)  exists  as  highly  associated  species.  The  average  association  values  from 
observed-mt^ecular  weight  values  ranged  from  8.92  to  10.8.  These  data  suggest  that 
[Ga(CH2CMe3)]Q  most  likely  exists  in  sdutitxi  as  a  mixture  of  cages  or  clusters  with  n 
varying  fnxn  possibly  6  to  12.  The  suggestion  of  cages  or  clusters  is  supported  by  EPR 
data^  observed  for  the  deomipositicm  of  the  yellow  intermediate  and  by  the  literature.  The 
2Untyl  ccxnpounds  KGa3,'®  Na7Grai3,''  Na22Ga39,'^  RbGa7^  and  K3Gaj3^  have  been 
shown  to  ccmtain  dodeorfiedral  and  icosahedral  gaUium  cages  or  clusters.  It  is  also 
significant  that  the  closely  related  boron  subhalides,^^  B4Br4,  B4CI4,  ByBrT,  BgQg,  B9CI9, 
B9Br9  and  BjqBfjq  and  B4(t-Bu)4^  exist  as  cages  according  to  X-ray  structural  studies. 

These  borcxi  compounds  have  the  same  number  of  framewoit  electnxis  for  cage  bonding  as 
[Ga(CH2CMe3)]Q.  Another  striking  simflarity  beht^n  the  boron  subhalides^^  and  the 
proposed  nec^nt^gallium(I)  cages  is  their  intense  color.  The  lack  of  volatflity  and  the  ease 
of  deccxnpositicxi  of  [Ga(CH2^^^)]n  prevented  meaningful  mass  spectral  data.  The 
suggesticm  of  gallium  clusters  with  different  degrees  oi  association  is  also  consistent  with  the 
complex  (multifde  closety  qpaced  lines)  NMR  q>ectrum. 

The  reactions  of  Ga(CH2CMe3)2Q  with  either  Na/Cjol^  Li/CjoHg  or  2Li/CioH[g  in 
THF  sdution  proceed  throu^  the  formation  of  a  yellow  intermediate,  u4udi  in  turn 
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decomposes  to  fcmn  neopentylgslliiim(I).  The  yellow  intennediate  has  been  identified  as  a 
mature  of  1^-  and  l,4-dihydronairiithalene<orsanogallium(in)  q[)ecies.  The  absence  of  a 


2M 


Oa(CH[2CMe2^Cl 


2- 


M-UNa 


significant  amount  of  precipitate  suggests  the  lade  oi  formation  oi  the  simple  alkali  metal 
halide,  presumably  due  to  the  coordination  of  the  chloride  ion  by  a  gallium(in)  mmety. 

The  NMR  ^>ectrum  of  the  yellow  intermediate  at  -40  is  consistent  with  the  presence 
of  the  dil^dronaphthalene-organogallium(in)  ^>ecies.  As  the  soluticxi  was  warmed  to  room 
temperature,  the  intensities  of  the  lines  associated  with  the  dihydraiaphthalene  q)ecies 
decreased  and  finally  disappeared.  Reaction  of  the  yellow  intermediate  with  a 
stoichiometric  quantity  of  anhydrous  HQ  at  -78  *C  resulted  in  the  isolation  of  a  mixture  of 
naphthalene,  l,4-dil^dr(xiaphthalene  and  1,2-dil^dronaphthalene  as  identified  by  NMR 
qjectroscq^.  BisneopentyIgallium(in)  chloride  was  also  isdated  from  the  reactions 


Ga(CH2CMe3)2a 


Ga^CH2CMe2^Q 


2- 


♦  2Ha-* 


2Ga(CH2CMe3)2a 


(5) 


of  the  yellow  intermediate  with  anhydrous  HQ.  The  gallium(in)  product  was  klentified  as 
Ga(CH2CMe3)2Q  by  ^H  NMR  and  IR  ^>ectro6copic  data,  melting  point  and  l^rdysis 
data.  The  i^rolysis  of  the  yellow  intermediate  with  aqueous  HQ  further  confirmed  the 
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presence  oi  a  gallium(in)  rather  than  a  gaUiuni(I)  species.  No  noncondensaUe  gas  (H2) 
was  framed.  Thus,  no  low  oxidation  state  gallium  specks  could  have  berai  present.  The 
identification  the  yellow  intermediate  as  a  gallium(in)  q>ecies  suggests  that  the  alkali 
metal  naphthalenide  acts  as  a  nucleophOe  toward  bisneopentylgallium(III)  ddraide  to  form 
the  dil^dronaphthalene  intermediate.  Related  observations  have  been  made  in  sflicon 
diemistiy.^^  Reduction  from  gallium(ni)  to  gallium(I)  occurs  whrai  the  yellow  intermediate 
decomposes  upon  warming.  It  is  interesting  to  note  that  the  use  of  lithium  naphthalenide 
reagents  requires  a  higher  temperature  to  decranpose  the  yellow  intermediate  (room 
temperature)  than  for  the  sodium  reagent  (0*10  *C).  The  hi^er  lattice  energy  of  NaQ 
fosters  the  dissociatirai  of  the  chloride  irais  from  the  dihydrraiaphthalene  intermediate  and, 
in  turn,  apparently  enhances  reduction.  The  decranposition  of  the  yellow  intermediate 
apparently  occurs  by  a  radical  process.  Appropriate  EPR  data  will  be  presented  in  a  later 
coitununication.^ 

Reduction  of  gallium(III)  to  gallium(I)  can  also  be  achieved  by  reacting 
Ga(CH2CMe3)G2  with  two  mol  of  Na/C^oH^  or  Li/CjoHg  in  THF.  The  idealized  balanced 
equation  for  the  reactirai  is  given  by  the  fdlowing  equatirai.  This  reactirai,  according  to  the 

Ga(CH2CMe3)a2  +  2M  +  2qoH8  -♦  Ga(CH2CMe3)  +  2Ma  +  2qoH8  (6) 

balanced  eqtutimi,  would  appear  to  have  a  hi^r  percent  conversion  of  gallium(in)  to 
gallium(I)  as  Ga(CH2CNfe3)3  should  not  be  framed.  However,  Ga(CH2CMe3)3  has  been 
observed  among  the  products.  When  lithium  was  used,  6%  of  Ga(CH2CMe3)Q2  was 
converted  to  Oa(CH2CMe3)3  and  the  reddish-brown  product  had  acceptable  analytical  data 
fra  C  and  H.  When  reducing  agent  was  sodium,  the  yield  of  Oa(CH2CMe3)3  varied  from  6 
to  23%  and  the  reddish-brown  product  had  poor  analytical  data.  In  addition,  acid  (HQ) 
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hydrolysis  the  reddish4>rown  solid  from  sodium  reductions  produced  variable  amounts  oi 
H2  and  typically  low  yklds  of  neopentane.  Thus,  reduction  of  Oa(CH2C!Me3)Cl2 
sodium/nafrfithalene  does  not  af^jear  to  be  a  useful  route  to  pure  sanqdes  of 
neopent^gaUium(I). 

The  reduction  of  Ga(CH2CMe3)2Q  by  using  lithium  or  sodium  nai^ithalenide  in 
THF  to  form  [Ga(CH2CMe3)]g  as  a  reddish-brown  solid  has  been  observed.  These 
products  are  analogous  to  those  formed  by  the  reduction  of  Al(Cn2CMe3)2Q  with 
potassium  metal^^  in  hexane  at  60  *C.  The  low  oxidation  state  aluminum  product  was  also  a 
nonvolatile  brown  solid.  Mcdecular  wei^t  studies  by  the  isopiestic  method  in  ^lopentane 
suggested  a  tetramer,  Al4(CH2^^^)4*  Thus,  CHganometallic  compounds  of  aluminum  and 
gallium  have  been  observed  as  clusters,  a  series  of  observation  4^ich  are  consistent  with 
boron  chemistry. 
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